Objective: To establish reference concentration intervals for salivary cortisol in healthy children, in the morning and in the afternoon, investigating factors that interfere with the concentration measured and the possibility that circadian rhythms are present.
Introduction
One major obstacle to interpreting laboratory tests of the hypothalamic-pituitary-adrenal axis (HPA) in pediatrics is the influence of fear and anxiety caused by invasive collection procedures, for example venous puncture, and by contact with strangers (physicians and the nursing team). This causes stress, altering the results of cortisol assays. 1 Another peculiarity of children is the result of their immature metabolisms, which may cause unexpected complications during laboratory analysis, such as severe hypoglycemia during insulin tolerance testing. However, these are both resources that suffer from certain negative aspects, the need for venous puncture and the difficulties involved in collecting urine with no losses in 24 hours, especially from infants and girls. 2 Assaying cortisol in saliva is a method for evaluating adrenal function that offers ease of collection and is trustworthy. It is an alternative test and is more sensitive than plasma and urine-based techniques, in addition to offering repeated collections with no stress or blood letting. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] There is work in the literature that demonstrates the applicability of salivary cortisol assay to the study of circadian rhythms, [12] [13] [14] [15] to cognitive function disorders and to the influence of stress on the axis, triggered by anxiety, depression, panic syndrome and sleep deprivation. 1 The most recent application for the method is for the diagnosis of Cushing's syndrome. 2, 16, 17 Nevertheless, the literature provides scant information on the normal range of salivary cortisol in childhood.
The objective of the present study is to establish cortisol concentration measured from the saliva of healthy children under 3 years old, during the morning and afternoon, and to evaluate factors that affect the results of this assay. A further objective is to identify the presence of circadian rhythms and the age at which the HPA is mature.
Methods
This was a controlled, observational study that was Home visits were made during which anthropometric measurements were taken and a questionnaire applied that evaluated the number of meals and hours of sleep per day, in addition to the other inclusion criteria that had been set.
Saliva samples were collected under supervision of the researcher during the morning (7 to 10 a.m.) and afternoons (3 to 6 p.m.), respecting a minimum interval from meals of 30 minutes. 18 For collection, 5% citric acid was instilled sublingually, provoking increased saliva flow. 19 Between 0.5 and 1 mL of saliva were aspirated from the oral cavity, transferred to an Eppendorf tube and stored in a freezer at -20 ºC until testing. 9 The free fraction of salivary cortisol was determined in duplicate, in a single test, by radioimmunoassay without extraction, using antibodies to cortisol-3-oxime conjugated to bovine albumin. 9 Using a mean corticoid pool at 251 ng/dL, intertest variation was 11.5%, and intratest variation was below 10%, with a sensitivity of 1.7 nmol/L. Salivary cortisol assay results are expressed in nmol/L and percentiles.
Statistical analysis was performed using BioEstat 3.0.
Student's t test was used to check that the sample was 
Results
The 91 children, 46 of whom were male, did not exhibit What guarantees the quality of this method is the antiserum employed, depending on its affinity for steroid metabolites, the most widely used being cortisol-3-oxime conjugated to bovine albumin, originated from immunization of rabbits. This antiserum was synthesized at the Fleury laboratory by Prof. Dr. José Gilberto H. Vieira in 1975 20 and is compatible with the best antisera described in the literature.
The test has high specificity for cortisol (100%), low crossreaction for cortisone (8.5%), corticosterone (1.6%), 11-deoxycortisol (7.9%) and dexamethasone and budesonide (less than 0.1%), and no significant cross-reactivity (less than 1%) for other steroids.
In plasma, the majority of cortisol is bound to specific proteins, and it is the free fraction that is responsible for the hormone's biological activity. The salivary cortisol assay makes it possible to evaluate exclusively the free fraction of basal cortisol, with no need for methods of extraction that rely on the dialytic capacity of the basal membrane of the saliva glands. This is important because it increases the reliability of the technique, irrespective of whether there is hypoproteinemia. [8] [9] [10] Another advantage is that saliva samples are stable at room temperature for 1 week, making it possible, for example, to send samples by post with no loss of cortisol activity. 21 Furthermore, by collecting saliva at different times of day, circadian rhythms can be identified in a practical and noninvasive manner. 1, 6, 8, 11, 14, 15 Studies that have compared saliva assay with assays of free cortisol in plasma report a good correlation in children and adults. When evaluating the HPA axis, it is essential to respect the presence of the circadian rhythm. The decision of sample collection times was based on the results of previous studies. 1, 12, 14, 26 The drop in levels is clear in the results of our study, since, with the mean time of afternoon collection being 4
p.m., we observed differences between morning and afternoon assay results in all subsets. Faced with the immaturity of children, there are doubts about the age at which circadian rhythms begin; the most up-to-date literature puts the start of this synchronization at 8 to 12 weeks. 4, 14, 15 Other authors state that children may present differences in cortisol levels at different times of day, but that this difference will only attain an amplitude similar to that of adults when the rhythms have matured. Zurbrügg 27 suggested that circadian maturity is possible from 2 years on.
The 91 children in our study exhibited higher morning than afternoon salivary cortisol levels (p < 0.001), defining the presence of rhythm in all subsets. Additionally, we noted that, as age increases, this difference between the morning and afternoon cortisol assay results becomes more evident, achieving statistical significance from 12 months on. According to Santiago et al., 15 a circadian rhythm that has reached maturity should exhibit a mean difference of at least 33% between cortisol assay results at different periods. In our analysis, this percentage difference was observed after 1 year, allowing for the conclusion that, in this population of healthy children, at 45 days of life it is possible to discern circadian rhythms, with full maturity above 1 year of age.
Countless environmental and behavioral factors, known as synchronizers, interfere with cortisol levels and, therefore, with circadian expression. A synchronizer does not create a rhythm, it merely influences its expression, altering the time of day at which it peaks, with sleep and food being the classic examples. 28 The interference of diet with cortisol was illustrated by Oliveira et al., 26 who assayed serum corticosterone in mice either feeding at will or with restricted diets, observing greater concentrations of corticosterone in the morning, when the diet was restricted, but failing to observe the same in the afternoons. With relation to sleep, serum cortisol is lower during rest than when active. 29 Our results demon- Since, without doubt, younger children eat more meals per day and sleep for longer, and since, according to the data described previously, this can be reflected in low morning cortisol levels, it is understandable that amplitudes of 33% or more occur after 1 year. Another interesting factor is that circadian rhythms appear at a similar chronological point in preterms as in full term infants, 12 or even earlier. 13 Based on these observations, we suggest that the factor involved in HPA axis maturity is not really a fixed date, but the influence of environment and of habits and culture.
We investigated factors that affect cortisol assay results and observed that sex did not exert any influence on results, in common with other authors. 4, 5 There is no doubt that at 45 days of life the circadian rhythm is present, however, it attains complete maturity, guaranteeing a similar response to adult behavior, from 1 year onwards, as observations of this sample have shown.
What is important to emphasize is that, most probably, there are no fixed dates for expression of the circadian activity of the HPA axis. In fact, this period is moveable, being dependent on variations in the environmental characteristics and the habits of specific populations.
